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Conley $\text{ _{ } },$ . transition matrix





1: Change of connecting orbits.
$0$ 1 , $\lambda_{*}$ $M(3)$ $M(2)$
( 1 ) connecting orbit .
transition matrix
1118 1999 84-95 84
$0$ , $\lambda_{*}\in(0,1)$ $M(3)$ $M(2)$ connecting or-
bit .
transition matrix Conley , $\mathrm{R}\mathrm{e}\mathrm{i}\mathrm{n}\mathrm{e}\mathrm{c}\mathrm{k}[9]$
. , –
.
, 2 , 3
, 4 transition matrix
. , transition matrix
. 2
connecting orbit – .
5 , transition matrix – .
2
Conley . $\mathrm{C}_{\mathrm{o}\mathrm{n}}1\mathrm{e}\mathrm{y}[1]$ ,
$\mathrm{S}\mathrm{a}\mathrm{l}\mathrm{a}\mathrm{m}\mathrm{o}\mathrm{n}[10],$ $\mathrm{M}\mathrm{i}\mathrm{s}\mathrm{c}\mathrm{h}\mathrm{a}\mathrm{i}\mathrm{k}\mathrm{o}\mathrm{W}[8]$ .
$X$
$\varphi$ : $X\cross \mathbb{R}arrow X$ ,
$X$
, .
. $S$ $N$ , (exit
set) $L$ $N$ 3 :(1) $L$ $N$
, $x\in L$ $\varphi(x, [0, t])\in N$ $\varphi(x, t)\in L$ ;
(2) $\overline{N\backslash L}$ $S$ ;(3) $N$ $L$ .
$(N, L)$ index pair . $S$ index pair $(N, L)$ ,
$N/L$ $-$ index pair ,
$S$ . $[N/L]$ $h(S)$ ,
$S$ Conley ( Conley ) .




Morse (Morse component) $S$
$M(p)$ , $(P, <)$
:Up$\epsilon PM(p)$ $\gamma$ $p<q$ $p,$ $q\in P$
$\alpha(\gamma)\subset M(q)$ $\omega(\gamma)\subset M(p)$ . $M(q)$
$M(p)$ connecting orbit , $C(p, q)$ . $S$
Morse $\mathcal{M}(S)=\{M(p)|p\in(P, <)\}$ ,
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$S=[ \bigcup_{p\in P}M(p)]\cup[_{p<q}\cup C(p, q)]$
. $\mathrm{A}l_{<}(S)=\{M(p)|p\in(P, <)\}$ $S$ Morse , $<$
$<’$ $\lambda 4_{<}’(S)=\{M(p)|p\in(P, <^{J})\}$ $S$ Morse . $S$
$M(p)(p\in P)$ , Morse
$P$ (flow-defined order) $<^{F}$ .
$\mathrm{F}\mathrm{r}\mathrm{a}\mathrm{n}\mathrm{z}\mathrm{o}\mathrm{s}\mathrm{a}[2]$ connection matrix Morse Morse
connecting orbit . Morse $\mathcal{M}_{<}(S)=$
$\{M(p)|p\in(P, <)\}$ , connection matrix $\triangle$ $\oplus_{pP}\in oH*(M(P))$
$-1$ , :
(1) $\triangle$ , $\triangle(p, q)\neq 0$ $P<q$ ;
(2) $\triangle^{2}=O$ ;
(3) $\mathrm{K}\mathrm{e}\mathrm{r}\triangle/{\rm Im}\triangle$ $CH_{*}(S)$ .
Morse connection matrix ,
. $\mathrm{F}\mathrm{r}\mathrm{a}\mathrm{n}\mathrm{z}\mathrm{o}\mathrm{S}\mathrm{a}[2]$ .
$<^{F}$ Morse $\mathcal{M}_{<^{F}}(S)$ connection
matrix $(p, q)$ - $\triangle(p, q)$ $0$ , $P<^{F}q$ $p=p_{1},$
$q=p_{k}arrow$
$p_{i}(i=1, \ldots, k)$ $C(Pi,pi+1)\neq\emptyset(i=1, \ldots, k-1)$
. $<$ , MMMorse $\mathcal{M}_{<}(S)$
connection matrix $(p, q)-$ $0$ .
$<$ $<’$ $\mathcal{M}_{<}(S)$ connection matrix
$\mathcal{M}_{<}’(S)$ ,
connection matrix . connection matrix
, connection matrix
$0$ .
, $\lambda$ $\varphi_{\lambda}$ ,
A $\lambda$ .
Conley ,
$\Phi(x, \lambda, t)=(\varphi_{\lambda}(x, t),$ $\lambda)$ parametrized flow $\Phi$ : $X\cross$
$\Lambda \mathrm{x}\mathbb{R}arrow X\cross\Lambda$ . $\lambda$ a
$\{S_{\lambda}\}$ A $S_{\Lambda}= \bigcup_{\lambda\in\Lambda}S\lambda\cross\{\lambda\}$ parametrized flow
$\Phi$ . continuation isomorphism
$CH_{*}(S_{\lambda})$ $CH_{*}(S_{\Lambda})$ , index pair $(N_{\lambda}, L_{\lambda})\subset$
$(N_{\Lambda}, L_{\Lambda})$ . Morse $\mathcal{M}(S_{\lambda})$
: $\lambda$ Morse $\lambda 4_{<\text{ }}(s\lambda)$ A
$M_{\Lambda}(P)= \bigcup_{\lambda}\in\Lambda M\lambda(p)\mathrm{x}\{\lambda\}(p\in P)$ parametrized flow $\Phi$
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$<_{\Lambda}$ Morse . $<_{\Lambda}$ $<_{\lambda}$
. $<_{\lambda}$ $\lambda$ , $\{M_{\Lambda}(p)|p\in P\}$
$\Phi$ Morse A $<_{\Lambda}^{F}$
.
3 transition matrix
Morse connecting orbit connection matrix
, transition matrix 1 connecting orbit ,
connecting orbit 1 . transition ma-
trix $\mathrm{R}\mathrm{e}\mathrm{i}\mathrm{n}\mathrm{e}\mathrm{c}\mathrm{k}[9]$ singular transition matrix, $\mathrm{M}\mathrm{c}\mathrm{c}_{\mathrm{o}\mathrm{r}}\mathrm{d}- \mathrm{M}\mathrm{i}\mathrm{S}\mathrm{c}\mathrm{h}\mathrm{a}\mathrm{i}\mathrm{k}\mathrm{o}\mathrm{W}[5]$
topological transition matrix, $\mathrm{F}\mathrm{r}\mathrm{a}\mathrm{n}\mathrm{z}\mathrm{o}\mathrm{s}\mathrm{a}-\mathrm{M}\mathrm{i}\mathrm{S}\mathrm{c}\mathrm{h}\mathrm{a}\mathrm{i}\mathrm{k}\mathrm{o}\mathrm{W}[3]$ algebraic transition matrix
3 .
3.1 singular transition matrix
A $[0,1]$ , $X$ singular transition matrix $X\mathrm{x}\Lambda$
$\dot{x}=f(x, \lambda),\dot{\lambda}=g(\lambda)$ connection matrix
. $g(\lambda)$ $g(\mathrm{O})=g(1)=0$ $\lambda\in(0,1)$ $-1\ll g(\lambda)<0$
. $\epsilon>0$ $g(\lambda)=\epsilon\lambda(1-\lambda)$ .
artificial parameter
slow drift . $\lambda=0_{\ovalbox{\tt\small REJECT}}.1$ $X$
Morse Morse $\{(M_{i}(p), i)|i=0,1\}$ .
$P$ $p,$ $q\in P$ $(p, 0)<(q, 1)$
. connection matrix $\triangle\sim$
$\triangle=\sim$
. $\triangle_{i}(i=0,1)$ $\lambda=i=0,1$
connection matrix . connection matrix $\tilde{\Delta}$ $T$ $0$
$T$ : $\bigoplus_{p\in P}cH*(M1(p))arrow\bigoplus_{p\in P}CH_{*}(M_{0}(p))$
,
$\triangle_{0}\tau+T\triangle 1=\mathit{0}$
. $\triangle^{2}\sim=0$ . $T$ singular transition
matrix . $<$ A $.\text{ }$ , $T(p, q)\neq 0$
$\{\lambda_{i}\}_{i=1,\ldots,k}$ $p=p_{1},$ $q=p_{k+1}$ $\{p_{i}\}_{i=1,\ldots,k+}1$ , $i=1,$ $\ldots,$ $k$
$\lambda=\lambda_{i}$ $C(Pi,pi+1)\neq\emptyset$ . , parameter slow drift
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$\{\lambda_{i}\}_{i=1,\ldots,k}$ . $<$
, transition matrix $(p, q)-$ $0$
.
transition matrix
, transition matrix parameter slow drift
. transition matrix , $\lambda=0$
$\lambda=1$ transition matrix $\lambda=1$ $\lambda=2$ transition matrix
$\lambda=0$ $\lambda=2$ transition matrix ,
. singular transition matrix parameter slow drift
, $\mathrm{M}\mathrm{c}\mathrm{C}_{\mathrm{o}\mathrm{r}}\mathrm{d}- \mathrm{M}\mathrm{i}_{\mathrm{S}}\mathrm{c}\mathrm{h}\mathrm{a}\mathrm{i}\mathrm{k}\mathrm{o}\mathrm{W}[6]$ parameter slow drift
, $\sup$ $0$ connec-
tion matrix . [6]
singular transition matrix topological transition matrix
.
topological transition matrix singular transition matrix
. [4]
connecting orbit .
3.2 topological transition matrix
topological transition matrix $\mathrm{M}\mathrm{c}\mathrm{C}\mathrm{o}\mathrm{r}\mathrm{d}-\mathrm{M}\mathrm{i}\mathrm{S}\mathrm{c}\mathrm{h}\mathrm{a}\mathrm{i}\mathrm{k}\mathrm{o}\mathrm{W}[5]$ artificial parameter
slow drift transition matrix .
[5] $\Lambda=[0,1]$ Morse connecting orbit ,
$Si=\mathrm{u}_{p\in P}M_{i}(p)$ . $\lambda=i=0,1$ $\Psi_{i}$ : $CH_{*}(S_{i})arrow$
$\oplus_{p\in P}CH_{*}(Mi(P))$ . - , 2 continua-
tion isomorphism
$(F_{01}(S))_{*}$ : $CH_{*}(S_{1})arrow CH_{*}(S_{0})$












– , connecting orbit
topological transition matrix . topological tran-
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sition matrix local continuation $\mathrm{i}\mathrm{s}\mathrm{o}\mathrm{m}\mathrm{o}\mathrm{r}\mathrm{P}\mathrm{h}\mathrm{i}_{\mathrm{S}\mathrm{m}}\oplus_{p\in P}(F_{01}(p))*$
$\tau_{\mathrm{t}\mathrm{o}_{\mathrm{P}}}=(\Psi_{1})_{*^{\mathrm{O}}}(F01(S))*(\circ\Psi 0)^{-1}*$
. continuation isomorphism ,
topological transition matrix . Ttop
, $\lambda=0,1$ connecting orbit
$\triangle_{0}=\Delta_{1}=0$ $\Delta_{0}T+T\triangle_{1}=0$ .
singular transition matrix , Ttop $0$ ,
$0$ 1 Morse component connecting
orbit .
33 algebraic transition matrix
topological transition matrix ,
connecting orbit .
$\mathrm{F}\mathrm{r}\mathrm{a}\mathrm{n}\mathrm{z}\mathrm{o}\mathrm{S}\mathrm{a}-\mathrm{M}\mathrm{i}\mathrm{S}\mathrm{c}\mathrm{h}\mathrm{a}\mathrm{i}\mathrm{k}\mathrm{o}\mathrm{W}[3]$ transition matrix
. algebraic transition matrix . [3] Morse
$0$
connection matrix algebraic transition matrix
. singular transition matrix –
$\Delta_{0^{T+T\triangle}1}=0$ . algebraic transition matrix
, [3] transition matrix
, topological transition matrix
, $0$ algebraic transition matrix
.
4 transition matrix




$\alpha$ A $\lambda_{0}$ $\lambda_{1}$ . $\lambda\in\alpha$
$S_{\lambda}$ Morse $\mathcal{M}(S_{\lambda})$ , $<$ $\alpha$
. $\Delta_{i}(i=0,1)$ $\alpha$ $\lambda=i=0,1$ connection matr ,
$C\triangle_{i}=\oplus_{p\in P}CH*(Mi(p))$ .
4.1 , transition matrix $0$ $T:C\triangle_{1}arrow C\Delta_{0}$ ,
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$arrow$ $(C\triangle 0)_{n}+1$ $arrow$ $(C\triangle_{0})_{n}$ $arrow$ $(C\Delta_{0)}n-1$ $arrow$
$T_{n+1}\uparrow$ $T_{n}\uparrow$ $T_{n-1}\uparrow$
$arrow$ $(C\triangle 1)_{n}+1$ $arrow$ $(C\triangle_{1})_{n}$ $arrow$ $(C\triangle 1)_{n}-1$ $arrow$
(1) $T$ $<$ ;
(2) $T$ $-$ $T_{*}:$ $H_{*}(C\Delta_{1})\cong CH_{*}(s1)arrow H_{*}(C\Delta_{0})\cong cH*(S_{0})$
global continuation isomorphism –
. $\mathcal{T}_{\alpha}(\triangle_{0,1}\triangle)$ , $\partial\alpha$
connection matrix $\mathcal{T}_{\alpha}(\lambda_{0}, \lambda_{1})$
.
transition matrix , :
42 $\mathcal{T}_{\alpha}(\lambda_{0}, \lambda_{1})$ .
transition matrix [3] algebraic transition matrix
, 2 : algebraic transition matrix
global continuation isomorphism . (
[3] algebraic transition matrix
. ) transition matrix topological
transition matrix – ,
transition matrix $\partial\alpha$ connecting orbit topological transi-
tion matrix . 2 singular transition matrix
$\triangle_{0}T+T\Delta_{1}=0$ $T$ ,
. transition
matrix 2 connecting orbit
$\vee\supset$ .
transition matrix ,
. [6] singular transition matrix
, singular transition matrix drift partial order
. drift partial




5 2 connection transition matrix –
transition matrix connection matrix
connecting orbit .
2 connecting orbit .
A , 2 $\lambda_{0},$ $\lambda_{1}$ 2 $\alpha,$ $\alpha’$
2-disk $D$ . $\lambda_{0},$ $\lambda_{1}$ connection matrix
$\triangle 0,$ $\triangle_{1}$
$\alpha,$





. $T:C\triangle_{1}arrow C\triangle_{0}$ .
, $H_{*}(CT)$ $S_{\alpha}= \bigcup_{\lambda\in\alpha}S_{\lambda}$
Conley $CH_{*+1}(S_{\alpha})$ . $T’$
$CT’=((C\triangle 0)_{*}\oplus(c\Delta_{1})_{*}-1, \Delta\tau’)$
. , $A$ : $C\triangle_{1}arrow C\triangle 0$ +1 2
$T,$ $T’$ ,
$(\Delta 0)n+1$ $(\Delta_{0})_{n}$
$arrow$ $(C\triangle_{0)}n+1$ $arrow$ $(C\triangle_{0})_{n}$ $arrow$ $(C\triangle_{0)}n-1$ $arrow$
$T_{n+1}\uparrow\uparrow T_{n+1}’$ $\nwarrow A_{n}$ $T_{n}\uparrow\uparrow T_{n}’$ $\nwarrow A_{n-1}$ $T_{n-1}\uparrow\uparrow T_{n-1}’$
$(\Delta_{1})_{n+1}$ $(\triangle_{1})_{n}$
$arrow$ $(C\triangle 1)_{n}+1$ $arrow$ $(C\triangle_{1})_{n}$ $arrow$ $(C\triangle 1)_{n}-1$ $arrow$
$T_{n}-\tau’=(n\triangle_{0})n+1An+An-1(\Delta_{1})_{n}$
,
$\tilde{A}_{n}$ : $(CT’)_{n}=(C\Delta_{0})_{n}\oplus(C\Delta_{1})_{n}-1$ $arrow$ $(CT)_{n}$
,
$\tilde{A}_{*}:$ $CH_{*+}1(S\alpha’)\cong H_{*}(cT’)arrow CH_{*+1}(S\alpha)\cong H_{*}(cT)$
.
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51 , 2 connecting orbit transition matrix
1 $A\cdot$. $C\triangle_{1}arrow C\Delta_{0}$ ,
:
(1) $A$ , $A(p, q)\neq 0$ $p<q$ ;
(2) $A$ transition matrix $T,$ $T’$ , $CT,$ $CT’$
$\tilde{A}$ ;
(3) $\tilde{A}$ $\overline{A}_{*}:$ $CH_{*+}1(s\alpha’)arrow CH_{*+1}(S_{\alpha})$
global continuation isomorphism $(F_{\alpha\alpha’})_{*}$ – .
$\lambda_{0},$ $\lambda_{1}$ 2 $\alpha,$ $\alpha’$ 2-disk $D_{\alpha,\alpha’}$ ,
$A_{D_{\alpha,\alpha}},$ $(\Delta_{0}, \Delta 1;\tau, T’)$ , $\lambda_{0},$ $\lambda_{1}$
connection matrix $\alpha,$ $\alpha’$ transition
matrix $A_{D_{\alpha,\alpha}},$ $(\lambda_{0}, \lambda 1)$ .
52
(1) $A_{D_{\alpha,\alpha}},$ $(\lambda_{0}, \lambda_{1})$ .
(2) $A\in A_{D_{\alpha,\alpha}},$ $(\triangle_{0}, \triangle_{1} ; \tau, T’)$ $(p, q)$- $0$ , $D_{\alpha,\alpha’}$
$\{\lambda_{i}\}_{i=1,\ldots,k}$ $p=p_{1},$ $q=p_{k+1}$ $\{p_{i}\}_{i1,\ldots,k}=+1$ , $i=1,$ $\ldots,$ $k$
$\lambda=\lambda_{i}$ $C(p_{i},p_{i+1})\neq\emptyset$ .
42 . 42 singular transition ma-
trix , $\mathrm{M}\mathrm{i}\mathrm{s}\mathrm{c}\mathrm{h}\mathrm{a}\mathrm{i}\mathrm{k}\mathrm{o}\mathrm{w}[\tau]$
singular transition matrk . singular transition matrix
parameter .slow drift , $\Lambda=[0,1]^{2}$
$X\cross\Lambda$
$\dot{x}$ $=$ $f(x, \lambda^{1}, \lambda^{2})$
$\dot{\lambda}^{i}$
$=$ $\epsilon\lambda^{i}(1-\lambda^{i})(i=1,2)$





. $\triangle_{ij}$ $\lambda=(i, j)$ connection matrix .








. [7] transition matrix – ,
.
$k$ singular transition matrix connection matrix
$k$ ,
. 2
$[0,1]^{2}$ 2 2-disk ,
$\{0,1\}\cross[0,1]$ $\alpha,$ $\alpha’$ $\lambda_{0},$ $\lambda_{1}$ .
$\lambda^{2}$ ( ) $-$ Morse
, $\tilde{\Sigma}$
$A_{12}=I,$ $A_{23}=O,$ $A_{34}=I$ ;
$\Delta_{00=-}\Delta_{01}=\triangle_{0},$ $\Delta_{1}0=-\triangle_{11}=\Delta_{1}$ ;
$A_{13}=T,$ $A_{24}=-T’$
. (5.1) 3 , 2 $T,$ $T’$
, $A_{14}$ $T,$ $T’$
.
53 $\mathbb{R}^{3}$ .
Morse component $M(2)$ 2 $M(1)$ 2
.
2 2 $\lambda_{0},$ $\lambda_{1}$ $\alpha$ Morse component $M(3)$
$M(1)$ , $\alpha’$
$M(3)$ $M(1)$ connecting orbit .
$\alpha,$
$\alpha’$ $M(3)$ 1 $M(2)$ 1
2 connecting orbit .
$\lambda_{0},$ $\lambda_{1}$ connection matrix $M(2)$ $.M(1)$ connecting orbit
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$\text{ }2$ : Codimension 2 connecting orbit.
$\triangle_{0}=\triangle_{1}=$
. $\alpha$ transition matrix $T=\mathrm{I}\mathrm{d}$ , $\alpha’$ transi-
tion matrix $M(3)$ $M(1)$ connecting orbit
$T’=$
. $\tau-\tau’=\triangle_{0^{A}}+A\Delta_{1}$ $A$ , $(2, 3)-$
( $\mathbb{Z}_{2}$ ) $0$ , $\alpha,$ $\alpha’$ $M(3)$
$\text{ }.M(2)$ connecting orbit
.
2 connecting orbit transition matrix ,
connecting orbit . ,
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2 $\lambda_{0},$ $\lambda_{1}$ , 2 $\alpha,$ $\alpha’$ 2 2-disk $D,$ $D’$ ,
3-disk $B$ . $CT$ $CT’$
, 2 $\tilde{A},\tilde{A}’$ , $L$ , $\tilde{A},\tilde{A}’$
$CA,$ $CA$’ . 3 connecting orbit transi-
tion matrix .
, connecting orbit transition matrix
.
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